




















Single-Board Computer based on the PIC! /C756 


Design by Prof. F. P Volpe and B. Wegmann 


The PICI7C computer described in this article is a flexible and easily 
expandable system which is comfortably programmed by a PC rather than 
a costly, dedicated programmer. At the heart of the system is the extremely 
fast and powerful PIC 17C756 microcontroller from Microchip Technology. 


With microcontroller systems featur- 
ing ‘in-system’ programming, the 
monitor program is usually stored in 
an external EPROM. This requires 
that the controller is capable of dis- 
abling its complete internal program 
memory, and fetch all instructions 
from an external memory. Further- 
more, the external memory structure 
should be highly similar, if not equal, 
to that of the internal memory (in 
this case, having a width of 16 bits). 
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At the heart of the PIC17 SBC (sin- 
gle-board computer), whose circuit 
diagram shown in Figure 1 is typical 
of a classic microcontroller system, is 
a microcontroller type PIC17C756 
from Microchip Technology. This con- 
troller features 58 single-word 
instructions which are all executed 
in one cycle, with the exception of 
program jumps and table access 
operations. The PIC17C756 operates 
from a supply voltage between 3.0 V 
and 6.0 V, and may be clocked at any 
frequency between DC and 33 MHz. 
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Main Features 


— PICI7C756 CPU 
— EPROM-resident System Monitor 


— User programs loaded into Flash memory by way of System Monitor 


— SRAM 


— Real-time clock with battery backup 


— Eurocard with DIN-64AC expansion connector 


— 100% compatible with Microchip MPLAB environment 


— Flexible and user modifiable address decoding using GAL 


The clock is internally divided by 
four, so that one machine cycle takes 
a minimum of 121 ns. This specifica- 
tion, by the way, calls for memory 
devices with access times below 
120 ns. The microcontroller core has 
available an 8?8 hardware multiply 
unit, 18 interrupt sources and a 16- 
level hardware stack. The 17C756 
has a data memory size of 902?8 
bits, and an internal program mem- 
ory of 16k?16 bits. 

Use of the program memory is not 
obligatory, however, because the 
controller is capable of working in 
one of three modes, of which the dif- 
ferent memory arrangements are 
illustrated in Figure 2. 

Microcontroller mode: the entire 
program memory is located on the 
chip. 

Expanded Microcontroller mode: 
the program memory between 0000h 
and 3FFFFh is located on the chip, 
while the memory range from 4000h 
through FFFFh is externally 
addressed. In this system, PortC and 
PortD act as multiplexed data and 
address lines. Demultiplexing takes 
place using the ALE signal and two 
D-type latches. Note that the 
address and data bus are both 16 
bits wide. 

Microprocessor mode: the com- 
plete program memory is external, 
and a memory range of up to 
64 kBytes may be addressed. The 
on-chip program memory is not 
used. Access to the external memory 
device(s) is the same as in extended 
microcontroller mode, however, the 
memory is addressed from 0000h 
onwards. Access to configuration 
bits, memory test and the boot ROM 
is not possible in this mode. 


On the PIC17C SBC described here, 


the PIC17C756 operates in Micro- 
processor mode. When the chip itself 
is not programmed, it is also in this 
mode. 

Housed in a PLCC-68 case, the 
PIC17C756 offers a large number of 
peripheral elements. A total of 50 I/O 
lines can be addressed individually. 
Each line can supply or sink 25 mA — 
lines RA and RB even up to 60 mA 
(at 12 V), which is useful for direct 
driving of LEDs. Four pins may be 
used as capture inputs with a reso- 
lution of one machine cycle (121 ns), 
and three pins as PWM outputs with 
a resolution of 1-10 bits. The 17C756 
features a 16-bit timer/counter with 
a programmable prescaler, two 8-bit 
and one 16-bit timers/counters. An 
independent baudrate generator 
clocks the communication via the 
two universal synchronous inter- 
faces (USART/SCI). There is also a 
synchronous serial port (SSP) sup- 
porting various modes (SPI, 120 and 
I2C master). An analogue/digital 
converter with 12 channels and a 
resolution of 10 bits allows analogue 
quantities to be processed directly. 

The 17C756 also offers a power- 
up timer, an oscillator start-up timer 
and a power-on reset circuit, brown- 
out reset and software protection. It 
can be operated in low-power mode 
as well as with various oscillator 
options. It should be noted that the 
watchdog timer (WDT) is on by 
default. This function can only be 
switched off with a programmer, and 
not, unfortunately, by software. 
When programming, you should 
always be in control of the WDT, 
resetting it every now and then to 
prevent an unwanted reset to be 
generated. At first blush this may 
seem tedious, however the condi- 
tions as regards WDT maintenance 


pay dividends for solid programming struc- 
tures and program stability. 

The microcontroller IC has two small 
'satellite' ICs, an oscillator chip, IC15, and a 
microcontroller supervisor, IC14, which 
serves to reset the PIC when the supply volt- 
age drops below a certain level. The push- 
button connected to the master reset line 
MCLR allows the SBC to be reset manually. 
The MPC120/130 microcontroller supervisor 
chip was discussed in the June 2000 issue of 
Elektor Electronics. The MCP130, by the way, 
has an internal pull-up resistor, allowing R1 
to be omitted. 


Memory map 


The general structure of the memory is illus- 
trated in Figure 3. In microprocessor mode, 
the entire program memory from 0000h to 
FFFFh is located 'off chip'. Figure 3 provides 
information about the way the external mem- 
ory is mapped. The monitor EPROM is 
located in the range 0000h to 1FFFh, occupy- 
ing 8 Kbytes. Two 27C512s are used (IC9 and 
IC13) to provide the high and low bytes. The 
high-byte EPROM is labelled 000061-21b, the 
low-byte EPROM, 000061-21a. Do not mix 
them up! 

In the EPROM, the interrupt vectors are 
located at addresses 0008h, 0010h, 0018h and 
0020h. To be able to use these interrupt vec- 
tors in a user program running from Flash 
memory, these EPROM addresses jump to 
Flash locations 9F08h, 9F10h, 9F18h and 
9F20h. 

The user program is held in Flash memory 
devices type AM29F010 or AM29F040. Here, 
too, we are using two 8-bit devices in paral- 
lel. The user program is given a total size of 
32 Kbytes in the address range 2000h to 
9FFFh. This size should be adequate for most, 
if not all applications. If you require more user 
memory, you will have to reprogram the sys- 
tem GAL. Flash memories type 29F040 have 
a capacity of 4 Mbit, allowing for sufficient 
Spare capacity. The same goes for the data 
memory — two SRAMSs type 62256 (IC6/IC7) 
— which has been allocated the (fairly ran- 
dom) size of 12 Kbytes in the range AO00h to 
CFFFh. Although there is spare memory 
available amounting to 20 Kbytes, you should 
note that the total address range is limited to 
64 Kbytes. 

All address decoding is handled by a single 
component, a GAL type 16V8D. Its content is 
listed in Figure 4. The GAL decodes four sig- 
nals, Extern1 through Extern4, in the address 
range D000h through EFFFh. Each of these 
occupies 2 Kbytes. The Extern1-4 signals are 
also brought out to pins on the 64-way con- 
nector, and may be used to address expan- 
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Figure |. Circuit diagram of the PIC | 7C Processor Board. 
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sion cards. The author hopes to be 


able to describe such cards in future Microprocessor ۱۳ Micz acantrolllar 
Mode Mirzaconlrollar Modes 

articles in Elektor Electronics. E 
Finally, the address range F000h to Düo0n Eur ود‎ 
FFFh is allocated to real-time clock Program os 
(RTC) IC16, a DS1685-5. As an aside, 3FFFh a 
capacitors C11 and C12 are not peli 5 
strictly required and may be omitted. pene Exo ° 

ee PIC17C756 Memory š 
Communication ۳۷ i 


For communication, the PIC17C has OFT-CHIP — ON-CIHIP OTT-CHIP ON-CI IIP OFT-CHIP ON-CHIF 
two serial RS232 interfaces linked to 
the two USARTs in the microcon- 


Don Don 
i onn [320 1208 [2208 [32 0h ۳ 220l 
downloading from the PC are han- Iih a a rrn | ۱۱۲۲ eee a FFh ۱۳۳ " HHH 





troller. System control and program š 
dled by USART2. The PIC17 SBC i اا ا‎ ON-CHIP |“ 
employs the following communica- DOnnsi - 14 


tion parameters: 





9600 bits/s Figure 2. Memory maps for the different modes of operation. 
8 data bits 
no parity 
1 stop bit CALL, RETURN 16 
RETFIE, RETLW 
local echo on 
add line feed (LF) when receiving a ال و‎ 
carriage return (CR) 
The first serial interface, USART1, is 0000h | Monitor | Monitor — 
available for user applications. EPROM | EPROM INT Pin Interrupt Vector _| e 
Two MAX232 ICs are used to han- high low [= Timoro Interrupt Vector _ OTR: ETON) 
dle the function of level-converting 8 Kbyte | 8 Kbyte 0018h (9F18h) 
1FFFh ما‎ y O 





the signals between the microcon- 
troller and the PC serial port (see 
Inset). Once the program is loaded in 
Flash memory (via USART2), the SBC 


Peripheral Interrupt Vector | 0020h (9F20h) 


2000h 0021h 





























is able to work in stand-alone mode. FLASH FLASH = 
At that point, USART2 is also high pid 38 1FFFh 
enabled and available. 32 Kbyte 32 Kbyte 30 ۱ 
= 
Construction 
SFFFh 3FFFh 
There is little to say about stuffing A000h (PIC17C756) 
the board whose artwork is shown 
in Figure 5. We should, however, HAM SRAM 
: : high low FDFFh 
advise to use a low-power solderin = 
i ۱ . i d 12 Kbyte 12 Kbyte FE00h 
iron with a fine tip. Make sure the E FEO1h 
soldering is tidy — no splashes or FER E doi 
dry joints. All ICs should be fitted in D000h او‎ [PMO] FEO4n 
External 1 (2 Kbyte og 
high-quality IC sockets میت‎ mE تس ون‎ rs 
The ۴10170 SBC board has a Drrrn | External 2 (2 Kbyte) E FEO7N 
standard Eurocard size (10x16 cm), E000h | External 3 (2 Kbyte) 8 Reserved FEODh 
and should be easy to install in a 19- E800h — و‎ 
inch rack using a 1-HU fixing plate. EFFFh | External 4 (2 Kbyte) ESET FE10h 
: : ۲ 000۳ FF5Fh 
If rack mounting is envisaged, the 90d Real-time clock Leh 
reset switch should be fitted on the 4 Kbyte Boot ROM 
j | FFFFh FFFFh 
front panel and wired to the circuit, 
16-Bit 
rather than mounted on the board. - »- okî = 


Development system 


An excellent PIC17C development Figure 3. Memory allocation of the PICI /C756. The monitor starts at | FFFh 


: Name Mon; 307 

:Partno IC10; 31:/* equations */ 

:Date 08/11/99; 32: 

:Rev 01; 33:Flash = A14 & !A15 # A13 & !A15 # !A13 & !A14 & A15; 
:Designer Bernd Wegmann; 34: 

:Company FH-Aschaffenburg; 35:Eprom ۱۸13 & !A14 & !A15; 

:Assembly None; 36: 

:Location None; 37:Uhr = A12 & A13 & A14 & A15; 

:Device gl6v8; 38: 

39:SRam = A13 & !A14 & A15 # !A12 & !A13 & A14 & A15; 
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se */ 41:Extl = A15 & A14 & !A13 & A12 & !A11; 
š [RR k kk ke k k k k k k k k k k k k k khe ke e ke e ke ke e K e R e ke R R R x R x x x / 42: 
43:Ext2 = A15 & A14 & !A13 & A12 & All; 
:/** Inputs **/ 44: 
45:Ext3 = A15 & A14 & A13 & !A12 & !A11; 
:Pin [2..9] = [A8..A15]; /* Adressen */ 46: 
47:Ext4 = A15 & A14 & A13 & !A12 & All; 
48: 
Outputs **/ 49:/* end of equations */ 
50s 
12 ۱۳۱۵8۳۶ /* EN von Tastenmatrix */ 51: 
13 !Eprom; 52 
14 !Uhr; 53: 
15 !SRam; 54: 
16 !Extl1; 551 
17 !Ext2; 
18 !Ext3; Jedec Fuse Checksum (3373) 
19 !Ext4; Jedec Transmit Checksum (cffa) 
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Oo OO — OY OF WN LO HO WON HD UO 4 CO 
ee ee ee ee ee ee ee ee ee ee ee 





Figure 4. JEDEC listing of GAL contents. This should be easy to modify for 4-Mbit memories. 


system can be built if you use Microchip’s 

MPLAB-IDE package, which is available free MAX232 
of charge from this Microchip website page: ۱ | 
The function of the interface level converter type MAX232 is to generate the 
symmetrical voltages on the RS232 port lines from a single 5-V supply voltage, and 
the other way around, turn the RS232 levels into signals with T TL swing. The on- 
chip step-up voltage converter employs two charge pump capacitors connected 


http://www.microchip.com/10/Tools/PICmi- 
cro/DevEnv/MPLABi/Software/v50000/index.h 


tm to the Cl +/— and C2+/- pins of the chip. Normally, |-wF tantalum capacitors are 
used but such a large value is not absolutely required when the current consump- 
This development environment includes all tion is not too high. The diagrams show the relation between load current, out- 
the necessary tools like an assembler, linker, put voltage and charge pump capacitance for the MAX232A. If you are suspicious 
editor and a simulator. about the small caps fitted on the board, feel free to replace them with |-uF 
It is also possible to integrate a free C types to ensure that a data rate of |20 Kbits/s can be achieved. The PCB has suffi- 


cient space for larger capacitors. 
Note that the MAX232E achieves a highest data speed of 200 Kbits/s using the 
same capacitors. 


Compiler which, unfortunately, is a test ver- 
sion with a 30-days trial limit. A download- 
able handbook plus a tutorial are also wait- 
ing for you. 

Onee you have wriitenmand ao OUTPUT VOLTAGE vs. LOAD CURRENT — MAE 
gram using MPLAB-IDE, the next thing to do 
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is load it into the SBC in the form of a hex file. 8 x ۳ a : 
That is comfortably handled by the monitor 6 " 
program running on the PIC17 SBC. The = Ñ NO LOAD ON E i 
assembler will normally produce a HEX file z ! (EXCEPT MAX220, MAXZSSA) g 8 
for 16-bit EPROMs. Via the monitor, this for- S | v- LOADED, NO LOAD ON vs ET 
mat may be transferred to Flash memory. S a = og 
Using Split (S) format, two 8-bit wide files are 6 i 
produced, for the low and high byte. ; 
The HEX file may then be sent to the Flash la 0 5 10 15 20 25 i 60 
memory on the SBC from address 2000h LOAD CURRENT (mA) DATA RATE (Kolls/SeG) -odone = 17 


onwards by using the Send Textfile option of 
any suitable Terminal program. However, it is 
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COMPONENTS LIST 





Resistor: 
RI = 10kQ2 


Capacitors: 
CI-CI0,CI3,CI4,CI5,CI7,CI8,CI9 = I00nF 
CII,CI2 = I2pF 

Cl6 = ۱0/۸۳۲ 63V radial 


Semiconductors: 

ICI = PICI7C756-16L (no suffix, or -A or -B) 
IC2,IC3 — 74ACT573 

۱65,۱8 = MAX232CPE 








access time | 20ns or less (two EPROMs, a and b) 
ICIO = 16V8-D (programmed), order code 000061 -3 | 
ICII,ICI2 = AM29F010 ۱20۳ or AM29F040 | 20PC 
IC14 = MCPI20D or MCP130 450 DITO 
ICI5 = 8-pin or |4-pin oscillator block 16 MHz (Seiko Epson 
531P) 
IC16 = DS1685-5 (Dallas) 


Miscellaneous: 

KI,K2 = 9-way sub-D socket (female), angled pins, PCB mount 
K3 =64-way connector, angled pins, DIN64AC 

SI = Pushbutton, | make contact, Bourns type 7906H-00 1-300 
XI = 32.76kHz quartz crystal 

BTI = CR2032 Lithium cell (if necessary with holder) 


IC6,IC7 = 62256 (HM6225BLP- 2), access time |20ns or less 68-pin PLCC socket 
IC9,ICI3 = 27C512 (programmed), order code 000061 -21, PCB, order code 000061 -1 


USART2 for about 10 seconds. The SBC will 
then automatically start executing the pro- 
gram stored at 2000h. 

The system monitor is pretty Spartan (as 
it should be), offering the following com- 
mands: 


: download 
: set time 
display time 
: set date, Z DD.MM.YY 
: show date 
: read block, B AAAA AAAA 
: write word, W AAAA DDDD 
: read word, R AAAA 
: run program in Flash 
: erase Flash memory 
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H: help, commands or syntax tor will report with the Boot ok mes- 
sage, which is repeated every 12 

With the PIC17C SBC powered up seconds. 

and connected to the PC, the moni- (000061-1) 


PICI7C SBC Product Availability 


000061 -21 set of two programmed EPROMs (a/b) 
000061 -31 GAL ۱6۷8۲۸ for address decoding 
000061 -1 Printed circuit board (w/o components) 


These items are available through the Publishers' Readers Services. 
The project software (all source code files) and the PCB design (pdf) may also be 
downloaded from our website at http://www.elektor-electronics.co.uk 


